ABSTRACT
INTRODUCTION The far-infrared (FIR) band from 1-10 THz (30 − 300µm) is only accessible from space and contains half of the energy radiated by material since recombination. This radiation is primarily from dust and gas that absorbs starlight and reradiates at longer wavelengths. Measurements of this radiation are particularily important for detailed studies of star formation both in nearby galactic molecular clouds and in distant galaxies at high redshift. Even though there is a peak in the intensity of radiation at these wavelengths, the amount of power from distant sources is small and therefore requires sensitive detectors.
Future FIR space missions such as SPICA, 1 SPIRIT, 2 SPECS, 3 and FIRI 4 will require detectors with sensitivities of ≤ 10 −19 W/ √ Hz. In this paper, we describe the design of transition edge superconducting bolometers for the SAFARI (formerly ESI) instrument 5 on the SPICA telescope. SPICA is a Japanese-led mission to fly a 3 metre diameter IR telescope with cryogenically cooled ( 5 K) optics. Cooling the optics eliminates the background radiation that limits the sensitivity of ambient temperature FIR space telescopes such as HERSCHEL. 6 The loading is then dominated by astrophysical background sources. In the FIR, the dominant source is the Zodiacal light, scattered sunlight from diffuse particles in the solar system. 
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DETECTOR DESIGN
where g 0 1 pW/K ×T and η < 1 is the transmission coefficient of the wire. 15 For the sound speed in silicon nitride of 6200 m/s, the thermal phonon wavelength is λ = 3µm at 100 mK so we expect legs with cross sectional area smaller than this to be close the 1-D limit.
If the transmission coefficient is dominated by reflections at discontinuities in the phonon waveguide at the ends of the legs but the mean free path of the phonons is longer than the legs then we would expect to see a thermal conductance that is independent of the length of the thermal link, η A. This is known as the ballistic or radiative regime. In the limit of random scattering at the surfaces where the phonon mean free path is much smaller than the length of the thermal link, the transmission coefficient is given by η = κA/L. This is known as the diffuse scattering limit. In the case of 1-D transport where the maximum thermal conductance is given by the quantum conductance then η = λ mfp /L where λ mfp is the mean free path of a phonon and L is the length of the thermal link.
The frequency response of a bolometer depends on the heat capacity of the absorber, the loop gain, L 0 and the thermal conductance, G of the legs:
Materials properties
The mean free path of the phonons in the legs is related to the thermal diffusivity by λ mfp = 3D/c s where c s is the sound speed in the medium and the diffusivity is: We measured the thermal conductance and electrical response times of these silicon nitride suspended TES thermometers at a variety of critical temperatures using different TES thicknesses. Initially copper dots were deposited at the vertex of the bends to scatter phonons but these were found not to be necessary and drastically increased the time constant.
DEVICE CHARACTERIZATION

IV curves
We used a NIST series array SQUID amplifier 26 
mounted on the 1 K stage to measure the TES current-voltage (IV) characteristics as a function of base temperature. The readout circuit we used is a modified version of the Star-Cryo flux locked loop read-out electronics 27 with reduced gain on the preamplifier input stage. The cold TES circuit is shown in figure 3, where R s is the shunt resistor, R b is the bias resistor, L in is the input coil of the SQUID and L FB is the feedback coil of the SQUID. Note that the value R s = 5 mOhm is given at room temperature and R b is outside the cold part of the cryostat. For IV measurements
The voltage on the TES terminals V TES is given by:
where the TES current, I TES = V FB /G SQUID and R TES = V TES /I TES is the TES DC resistance. In this analysis we assume that
Thermal conductance measurements
The transition is also shown in figure 4 . The data are well fit by a single power law given by:
where k is a coefficient characterizing heat transfer. The thermal conductance, G, of the legs is equal to
After fitting the power vs. temperature data the values shown in Table 3 Table 3 figure 6 . [30] [31] [32] [33] [34] Using these ideas, we plan to engineer devices with the required performance using support legs that are short enough to achieve the require pixel spacing for SAFARI.
The time constants for all of the devices measured in
OPTICAL COUPLING DESIGN
CONCLUSIONS
